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Mitotic spindles are stereotypically oriented in many stem cells, often leading to asymmetric outcomes of
stem cell division. In this issue of Cell Stem Cell, Na¨thke and colleagues (Quyn et al., 2010) report that
mammalian intestinal stem cells exhibit an oriented spindle and asymmetry during division.Orienting the mitotic spindle relative to the
surrounding tissue architecture is a strat-
egy that stem cells use to divide asym-
metrically. Asymmetric stem cell division
preserves stem cell number while gener-
ating differentiated cells. This process is
important for tissue homeostasis, the
dysfunction of which is believed to lead
to tumorigenesis as well as tissue degen-
eration. Stem cells face a dilemma; they
must keep proliferating throughout the
life of the organism to provide new differ-
entiated cells, yet the more they divide,
the more they accumulate DNA damage
and other detrimental effects that eventu-
ally attenuate proliferation. How stem
cells manage to accomplish this feat
remains largely a mystery.
Intestinal stem cells face a particularly
tough life. The entire epithelium of the
small intestine and colon turns over within
just 2–5 days. Each cell generated by a
stem cell division undergoes transit-
amplifying divisions, differentiation, and
apoptosis within a very short period of
time. Therefore, intestinal stem cells
must keep dividing to compensate for
the rapid turnover of cells. In this issue
of Cell Stem Cell, Na¨thke and colleagues
present evidence that mouse intestinal
stem cells (in both the colon and small
intestine) use spindle orientation to divide
asymmetrically (Quyn et al., 2010). Both
Lgr5+ crypt base columnar cells and
Bmi1+ 4+ cells near the bottom of the
crypt have been recently identified as
intestinal stem cells (Barker et al., 2007;
Sangiorgi and Capecchi, 2008). Indeed,
a single Lgr5+ cell appears able to regen-
erate the entire crypt, based on their
capacity to give rise to intestinal ‘‘organo-
ids’’ when cultured under appropriate
conditions (Sato et al., 2009), demon-strating the remarkable multipotency of
this population. By using multiphoton
microscopy, which permits visualization
of the entire thickness of the crypt, Quyn
et al. first determined that Lgr5+ cells are
within the first seven cells (1–7 cells)
from the bottom of the crypt. They then
examined the mitotic spindle orientation
of cells within this region, which should
include all Lgr5+ cells as well as Bmi1+
4+ cells, compared to that of cells in upper
positions (>7). They found that cells in the
1–7 cells tend to orient their mitotic
spindle perpendicular to the apical lumen
(Figure 1), whereas >7 cells show parallel
orientation (Caldwell et al., 2007). Strik-
ingly, this spindle orientation was lost in
the stem cell compartment of Adenoma-
tous polyposis coli (Apc) mutants. Apc
is a tumor suppressor that is frequently
mutated in colon cancer, and a recent
study showed that Apc inactivation in
the stem cell compartment is a critical
event in the initiation of colon cancer
(Barker et al., 2009).
It remains to be seen whether this
stereotypical mitotic spindle orientation
correlates with cell fates, possibly be-
cause of asymmetric segregation of fate
determinants or the location of the stem
cell niche. The authors note the localiza-
tion of Par-3 protein on the apical side of
the crypt cells, but the function of Par-3
in crypt stem cells is not known. However,
and importantly, they also demonstrate
that the ‘‘immortal strand’’ of genomic
DNA is asymmetrically segregated during
1–7 cell divisions (Figure 1). The ‘‘immortal
strand’’ hypothesis proposes that the
stem cell population retains ‘‘template
DNA’’ instead of a newly replicated
strand, presumably to avoid DNA muta-
tions caused by replication errors. It hasCell Stem Cellbeen long suggested that the immortal
strand is segregated to intestinal stem
cells (Potten et al., 2002). Quyn et al.
marked the ‘‘template DNA’’ by adminis-
trating EdU (a nucleotide analog) during
the recovery period after X-ray-induced
injury of intestinal crypts and found that
EdU-positive template DNA tends to be
retained after repeated stem cell divi-
sions. Furthermore, whenever the spindle
is oriented perpendicularly, the immortal
strand is on the basal side. According to
this hypothesis, stem cells maintain the
oldest copy of DNA to protect against
accumulation of DNA mutations that are
introduced during DNA replication. How-
ever, in spite of intense efforts to validate
this hypothesis in recent years, it has
never been shown that the immortal
strand is inherited by stem cells where
the correlation of immortal strand with
cell fate, relative position within the stem
cell niche, or spindle orientation can be
unambiguously judged. Now, the findings
of Quyn et al. provide strong support for
this hypothesis, at least in this murine
cell type. In particular, the authors ob-
serve asymmetric DNA segregation with
stereotypical positioning with respect to
the tissue architecture. Again, segrega-
tion of the immortal strand was abolished
in Apc mutants. Together, these findings
indicate an important role for this gene in
asymmetric stem cell division and that a
failure in oriented stem cell division and/
or in immortal strand segregation contrib-
utes to tumorigenesis.
The emerging picture of intestinal stem
cell division is summarized in Figure 1.
The nuclei of intestinal stem cells appear
to be displaced apically during mitosis,
where they orient their mitotic spindles
perpendicular to the apical cell surface6, February 5, 2010 ª2010 Elsevier Inc. 91
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Figure 1. AModel of Asymmetric Intestinal Stem Cell Division within
the Crypt
A transverse section of the crypt is shown. Nuclei of mitotic intestinal stem
cells are apically displaced, and the spindle (green) is oriented perpendicular
to the apical cell surface during mitosis. It is not known whether or not the
dividing stem cells maintain basal cell surface contact (both possibilities are
shown). The apical side of the stem cells (as well as other crypt cells) is marked
by Par-3 (red). During mitosis, the chromatin mass on the basal side always
contains the ‘‘immortal strand’’ (purple). Nonlabeled chromatin is shown in
blue. Asymmetric cell fate might be determined by apical fate determinant(s),
such as Par-3, hypothetical basal fate determinants (orange), or localized
signals from the stem cell niche.
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The origin and identity of
the fate-determining factors
are still unknown. However,
given that the immortal strand
of DNA is always located
basally, it is plausible that
the basal stem cell daughter
inherits stem cell identity.
Thus, dividing stem cells
might segregate stem cell
fate determinant(s) basally
(opposite to Par-3, which is
on the apical side), or signals
from the stem cell niche might
specify stem cell identity from
the basal side. It will be inter-
esting to determine whether
intestinal stem cells maintain
the contact with the basal
membrane during mitosis. Al-
though Par-3 is unlikely to be
a fate determinant for stem
cell identity because it is api-
cally localized and expressed
in nonstem cells as well, it is
possible that Par-3 is involved
in orienting the mitotic spin-
dle, as in other systems.
The study by Quyn et al.
also provides a platform for
studying the physiological
functions of Apc protein and
its involvement in cancer
pathology. What aspect of
Apc function (i.e., regulatingWnt signaling, spindle orientation, segre-
gation of immortal strand, and/or regula-
tion of adherens junction) is involved in
tumorigenesis? Now that Quyn et al.
have made the cell biology of intestinal
stem cells much more accessible, future
studies may shed light on what aspects
of Apc function prime and/or promote
cancer, leading to malignancy, finally
answering why Apc is such a crucial
tumor suppressor.
The results of Quyn et al., as well as
future studies inspired by their findings,92 Cell Stem Cell 6, February 5, 2010 ª2010will contribute significantly to our under-
standing of asymmetric stem cell division
in mammalian stem cells. Their study
confirmed that spindle orientation is a
widely used strategy for cells to divide
asymmetrically, and future studies will
probably answer questions about the
conservation and divergence of stem
cell divisions among mammals and inver-
tebrates. For example, does the age
difference between mother and daughter
centrosomes play a role in intestinal
stem cell divisions (Wang et al., 2009;Elsevier Inc.Yamashita et al., 2007)?
Does inheritance of a special-
ized area of the cell cortex or
primary cilia correlate with
fate determination (Farkas
and Huttner, 2008)? With this
new member of the ‘‘spindle
orientation club,’’ we will be
able to further our under-
standing of how stem cells
handle their demanding job.REFERENCES
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